Alterations in the mismatch repair genes (hMLH1 and hMSH2) play an important role in the development of microsatellite instability in sporadic endometrial cancer. Tissue microarray technology allows molecular profiling of tumor samples at the DNA, RNA, and protein levels. We analyzed hMLH1 and hMSH2 expression by immunohistochemistry in a group of atypical endometrial hyperplasias (n ‫؍‬ 10), endometrioid endometrial carcinomas (n ‫؍‬ 58), and nonendometrioid endometrial carcinomas (n ‫؍‬ 27) on tissue microarray. The results were correlated with microsatellite instability status as evaluated by BAT-25 and BAT-26. Overall, 29.4% of lesions showed microsatellite instability. Loss of nuclear hMLH1 and hMSH2 protein expression was seen in 22.3% and 6.5% of cases, respectively. Immunohistochemistry for hMLH1 and hMSH2 showed lack of protein expression in 64% and 16.6% of microsatellite instability-positive endometrial lesions, respectively. Taken together, hMLH1 or hMSH2 protein expression was absent in 18 of 24 microsatellite instability-positive cases (75% sensitivity). A high level of concordance was found between immunohistochemistry for hMLH1 and hMSH2 and microsatellite instability status evaluated by BAT-25 and BAT-26 ( value of 0.7). Of the 57 cases found to be microsatellite instability negative, 53 showed normal expression of both proteins (93% specificity). The observed predictive value of absence of expression of hMLH1 for predicting microsatellite instability-positive status was 82%. The predictive value of normal expression of both proteins for predicting microsatellite instability-negative status was 90%. These results are consistent with those previously reported in whole tissue sections. Therefore, immunohistochemical analysis of hMLH1 and hMSH2 expression on tissue microarray provides an accurate technique for screening for tumors with microsatellite instability. Tissue microarrays represent an ideal approach for comparing different diagnostic or predictive markers with one another in consecutive tissue microarray sections. 
1-6 base pairs, occurring throughout the genome. Because of their repetitive nature, they are prone to errors caused during replication of the DNA. Therefore, alterations in the length of microsatellite alleles in tumor DNA, compared with constitutive DNA from the same individual, represent a form of replication error referred to as microsatellite instability (3) . Microsatellite instability is known to accompany defects in at least six genes: human mutL homologue 1 (hMLH1), human mutS homologue 2 (hMSH2), hMSH6, hMSH3, hPMS1, and PMS2. The instauration of microsatellite instability, the socalled mutator phenotype, in one cell has important molecular implications. The microsatellite instability-associated mismatch repair deficiency leads to accumulation of myriad mutations in coding and noncoding DNA sequences. Some small short-tandem repeats, like mononucleotide repeats, are sometimes located within the coding sequence of some important genes (such as transforming growth factor ␤ receptor type II, BAX, insulin-like growth factor II receptor, hMSH3, and hMSH6), and they may be potential targets in the tumor progression of microsatellite instability-positive tumors (2, 4) . Sporadic endometrial carcinomas frequently exhibit microsatellite instability (5, 6) , particularly of the endometrioid subtype (7) (8) (9) . In sporadic endometrial carcinoma, the presence of microsatellite instability is associated with a lack of hMLH1 function, frequently due to hypermethylation of the hMLH1 promoter (10) .
The current gold standard for assessing tumor DNA mismatch repair competency is molecular microsatellite instability testing. This is a laborintensive test that involves extracting and analyzing DNA from both tumor and normal tissue excised at surgery. The DNA is subjected to polymerase chain reaction amplification of several different chromosomal loci that compare microsatellites, running the polymerase chain reaction products through a gel to separate DNA fragments by size, comparing the tumor-normal pairs, and scoring the differences between the two.
However, some recent studies have also shown a good correlation between microsatellite instability analysis and mismatch repair gene protein immunoexpression (11, 12) . In this sense, Leach and colleagues (13) and Thibodeau and colleagues (14) reported the use of monoclonal antibodies directed against hMLH1 and hMSH2 in the immunohistochemical analysis of colorectal carcinomas. Subsequent reports described immunohistochemistry of hMLH1 and hMSH2 in sporadic and hereditary nonpolyposis colorectal carcinomas with varying results. In endometrial carcinomas, a decrease in the amount of immunohistochemical staining for hMLH1 and hMSH2 has also been shown to be associated with the presence of microsatellite instability (11, 15, 16) . These results have suggested to some investigators that the immunodetection of the gene products might be an easier and rapid method for the identification of tumors of the mutator phenotype and can be used as a prescreening method for the actual mutation status of the mismatch repair system genes (12) . Other investigators concluded, however, that immunohistochemistry cannot replace microsatellite instability analysis as a prescreening method because of lower sensitivity (17) . Until now, experience seemed to suggest that hMSH2 antibody staining is technically reliable, shows nuclear staining that is easy to interpret, and correlates well with microsatellite instability. In contrast, the hMLH1 antibodies yield a more variable, sometimes patchy staining, often with strong background that is difficult to interpret, and therefore their staining tends not to correlate well with microsatellite instability status (18) . Moreover, many of the studies on the value of immunohistochemistry published so far were hampered by a small number of tumors associated with a known mismatch repair system gene mutation.
Immunohistochemistry for diagnostic purposes is usually performed on whole slides. However, this conventional approach of subjecting hundreds of separate tissue sections to immunohistochemical staining is time-consuming and expensive. Thus, there is now substantial interest in developing highthroughput molecular pathology techniques. Tissue microarrays recently have been described by Kononen et al. (19) as being a novel modification of the original method of a multitumor block proposed by Battifora in 1986 (20) . The tissue microarray technique allows immunohistochemical analysis of hundreds of samples simultaneously (19, 21, 22) . This technology greatly increases the efficiency of tissue-based research. The technique has been demonstrated to be effective and applicable to various tumor types, but methodological evaluations are scarce (23, 24) , and therefore, validation studies are necessary to compare tissue microarray cores and standard whole sections.
Previous immunohistochemical studies of endometrial cancer have used whole tissue sections, but, to our knowledge, the use of tissue microarrays has not been evaluated in endometrial tumors. Our aims were to determine the sensitivity of immunohistochemistry for hMLH1 and hMSH2 on tissue microsarray versus microsatellite testing for determining the competence of the mismatch repair mechanism in a large series of premalignant (atypical hyperplasias) and malignant endometrial lesions and to validate the use of tissue microarray for immunohistochemistry of endometrial lesions and compare it with immunohistochemistry on whole tissue sections.
MATERIALS AND METHODS

Patient Selection
The current study comprised 95 endometrial nonconsecutive lesions obtained from surgical patients from the Hospital Universitario La Paz in Madrid between April 1994 and June 2000: 10 atypical endometrial hyperplasias, 58 endometrioid endometrial carcinomas, and 27 nonendometrioid endometrial carcinomas. None of the lesions classified as atypical endometrial hyperplasias were associated with carcinoma. The clinical and pathological findings of these cases were available. All samples used for this study were fixed in 10% formalin and embedded in paraffin. All immunohistochemical and molecular analyses were carried out in paraffin-embedded samples. Table 1 shows the main clinicopathological features of this series.
Tissue Microarray Construction
Representative areas of the different lesions were carefully selected from hematoxylin-and eosinstained sections and marked on individual paraffin blocks. Samples were chosen from those cases in which more than one large block of the lesion was available so that the availability of tissue for correlative studies would not be compromised. Discrete regions of the lesions that were not necrotic or fibrotic were marked with black ink to guide the technician in the construction of the tissue array. Two tissue cores (1 mm in diameter) were obtained from each specimen. The tissue cores were precisely arrayed into a new paraffin block using a tissue microarray workstation (Beecher Instruments, Silver Spring, MD), as described elsewhere (19) . Briefly, the instrument consists of thin-walled stainless steel needles with an inner diameter of approximately 600 m and a stylet used to transfer and empty the needle contents. The assembly is held in an X-Y position guide that is manually adjusted by digital micrometers. The final tissue microarray consisted of 190 1-mm-diameter tissue cores, with a spacing of 0.8 mm between core centers. A hematoxylin-and eosin-stained section was reviewed to confirm the presence of morphologically representative areas of the original lesions. A tissue core was informative if Ն50% of the disk contained the lesion (carcinoma or atypical hyperplasia).
Immunohistochemistry
To avoid loss of immunoreactivity, microarray slides and whole tissue sections were processed within 1 week of cutting. Conventional immunohistochemistry on whole tissue sections was performed on 4-m sections of formalin-fixed, paraffin-embedded tissues. Tissue microarray slides were stained with antibodies against hMLH1 and hMSH2, whereas whole tissue sections were stained only with the antibody against hMLH1. Briefly, whole tissue sections and tissue microarray slides were mounted on charged poly-L-lysinecoated slides. The sections were deparaffinized in xylene and rehydrated through a graded alcohol series to distilled water. The slides were subjected to antigen retrieval by microwave irradiation in 10 mM citrate buffer, pH 6.0, in a 750-W oven for 30 min, at a estimated temperature of 95-97°C. The slides were then cooled to room temperature and washed in phosphate-buffered saline. Endogenous peroxidase activity was blocked by the incubation of the slides in hydrogen peroxide and methanol. For hMLH1, we used clone G168 -728 (PharMingen, Hamburg, Germany), raised against full-length human MLH1 protein. For hMSH2 we used clone FE11 (Oncogene Research Products, Cambridge, MA), raised against the COOH-terminal fragment of human MSH2 protein. Both monoclonal antibodies were applied for 24 min at 37°C at a 1% concentration in an automated immunostainer (Dako TechMate 500 Plus; DAKO, Glostrup, Denmark). The antibodies were detected by standard indirect immunoperoxidase procedures (LSAB, DAKO). Diaminobenzidine was used as a chromogen, and light hematoxylin was used as a counterstain.
Analysis of Immunohistochemical Stains
Lesions were evaluated for the presence of nuclear staining. Internal positive control for staining consisted of normal endometrium, interspersed inflammatory cells, and/or endothelium. In negative controls, the primary antibodies were omitted.
Individual cores were scored as positive (showing nuclear staining in at least some cells) or negative. Lesions that demonstrated any evidence of hMLH1 or hMSH2 expression, even in small foci, were considered to be positive for hMLH1 or hMSH2 expression. In whole tissue sections, cases displaying loss of staining in the neoplastic cells in selected, circumscribed areas (clonal loss) with concurrent, unequivocal staining of nuclei of nonneoplastic cells were classified as showing abnormal expression of mismatch repair proteins. Cytoplasmic staining in the absence of nuclear staining was not considered immunopositive. Expression of hMLH1 and hMSH2 was determined by two of the investigators (D.H. and J.P.).
Microsatellite Instability Analysis
The microsatellite instability status of the endometrial lesions included in this study had been characterized elsewhere (25) . Briefly, we analyzed two mononucleotide repeats, BAT-26 (within intron 5 of the hMSH2 gene on chromosome 2p22-21) and BAT-25 (in an intron of the c-Kit oncogen on chromosome 4q12). DNA was extracted from formalinfixed, paraffin-embedded tumor sections. All sections were checked for the presence of malignant tumor cells. Normal control DNA was obtained from normal myometrium or fallopian tube tissue. Primers, PCR amplification conditions, and PCR product analyses were made as described elsewhere (26) . We considered a phenotype to be microsatellite instability positive when the tumor had deletions of Ͼ2 bp in BAT-26 and BAT-25, when compared with the corresponding alleles in the normal tissue. Our previous experience in endometrial (27) and ovarian cancer (28) using the complete Bethesda panel (29) , and that of other investigators (30, 31) , indicates that the reliability of both mononucleotide repeats is so high that microsatellite instability status can be predicted in most cases by evaluating exclusively BAT-25 and BAT-26.
Statistical Analysis
Associations between the presence of microsatellite instability, expression of hMLH1 and hMSH2 proteins, and several clinicopathological features were calculated using 2 contingency tests with Yates correction, or Fisher's exact test. test was used to test the concordance between the immunohistochemical analysis of hMLH1 and hMSH2 and the microsatellite status of the cases. A value of Ͼ0.5 was considered to denote a strong association between the two methods of immunohistochemistry and microsatellite instability analysis. All calculations were made using the SPSS-10 statistical program (SPSS, Inc., Chicago, IL). P values of Ͻ.05 were considered statistically significant. Sensitivity and specificity for immunohistochemical classification for microsatellite instability status was defined using the microsatellite instability results as the gold standard.
Sensitivity was defined as follows: Sensitivity ϭ true positive/(true positive ϩ false negative), where true positive means absence of hMLH1 and hMSH2 expression by immunohistochemistry in lesions with microsatellite instability demonstrated by PCR analysis, and false negative means presence of hMLH1 and hMSH2 nuclear expression by immunohistochemistry in lesions with microsatellite instability demonstrated by PCR analysis.
Specificity was calculated as follows: Specificity ϭ true negative/(true negative ϩ false positive), where a true-negative case is defined as intact expression of hMLH1 and hMSH2 by immunohistochemistry in microsatellite instability-negative lesions, and false positive means absence of nuclear hMLH1 and hMSH2 protein expression in microsatellite instability-negative lesions.
RESULTS
Clinicopathologic Features of Atypical Endometrial Hyperplasia and Endometrial Carcinoma
The mean age of onset of all carcinomas was 64.5 Ϯ 11.2 years (range, 30 -89 y, with a mean age of 62.8 Ϯ 12.1 y for the endometrioid carcinomas and 66 Ϯ 11.2 y for the nonendometrioid carcinomas), and for atypical endometrial hyperplasias, it was 49.7 Ϯ 9.76 (range, 38 -67 y). Endometrial carcinomas (n ϭ 85) were classified into two groups: (a) endometrioid type (58 of 85; 68.2%) and (b) nonendometrioid (27 of 85, 31.8%). The latter group included papillary serous carcinomas (n ϭ 12), clear cell carcinomas (n ϭ 4), and mixed carcinomas (n ϭ 11). This later group comprised 5 serous-clear cell carcinomas, 4 endometrioid-serous carcinomas, one endometrioid-serous-clear cell carcinoma, and one endometrioid-clear cell carcinoma. According to the FIGO criteria (32) 
Microsatellite Instability Analysis
Of the 95 samples, 85 were suitable for microsatellite instability analysis. In 10 cases (10.5%), the microsatellite instability analysis could not be performed because of DNA degradation. Overall, 25 endometrial lesions (29.4%) were microsatellite instability positive. Twenty of the 52 (38.5%) endometrioid endometrial carcinomas, 3 of the 26 nonendometrioid endometrial carcinomas (11.5%), and 2 of the 7 atypical endometrial hyperplasias (28.6%) exhibited an microsatellite instability-positive phenotype (Fig. 1C-F) . The difference between the groups was statistically significant (P ϭ .048; Table  2 ). There was a trend to association between microsatellite instability and tumor grade (P ϭ .065), with microsatellite instability being more frequent in grade II (50%) and grade III (60%) than in grade I (23.1%) tumors.
Immunohistochemical Analysis of hMLH1 and hMSH2
Results for hMLH1 were obtained from 94 samples (188 cores), and those for hMSH2, from 92 samples (184 cores). The loss of information was due to the presence of only normal tissue in two disks and to damaged tissue cores in the remaining six cores. hMLH1 immunohistochemical analysis on whole tissue sections showed loss of nuclear protein expression in 21 of 94 cases (22.3%). No immunohistochemical analysis regarding the expression of hMSH2 on whole slides was performed. Tissue microarray immunohistochemical analysis of the endometrial lesions demonstrated loss of nuclear hMLH1 protein expression in 19.1% of cases (18 of 94; Fig. 1A-B) and loss of hMSH2 in 6.5% (6 of 92). Results of testing of endometrial lesions for microsatellite instability analysis and immunohistochemistry of hMLH1 and hMSH2 are listed in Table 2 .
Of the microsatellite instability-positive endometrial lesions, 64% (16 of 25) lacked nuclear hMLH1 protein expression. There was positive staining for hMLH1 in 94.9% (56 of 59) of microsatellite instability-negative endometrial lesions. The difference in hMLH1 protein expression between microsatellite instability-positive and microsatellite instability-negative lesions was statistically significant (P Ͻ .0001), with a moderate agreement between both techniques, immunohistochemistry and microsatellite instability analysis ( value of 0.4; Table 3 ).
Immunostaining for hMSH2 protein yielded no nuclear staining in 16.6% (4 of 24) microsatellite instability-positive endometrial lesions. There was positive staining for hMSH2 protein in 96.5% (56 of 58) microsatellite instability-negative cases (Fig.  1D) . hMSH2 protein expression was significantly different in the two groups of lesions, microsatellite instability positive and microsatellite instability negative (P ϭ .040), with a value of 0.08 (Table 3) .
Taken together, 18 of the 24 microsatellite instability-positive cases (75%) showed neither hMLH1 nor hMSH2 protein expression by immunohistochemistry, for a sensitivity of 75%. The remaining six microsatellite instability-positive cases showed immunostaining for both hMLH1 and hMSH2 proteins in the tissue core (a false-negative test). These cases corresponded to one atypical complex hyperplasia and five endometrioid carcinomas. Of the 57 cases found to be microsatellite instability negative by microsatellite instability testing, 53 showed normal immunohistochemistry expression of both proteins, for a specificity of 93%. In the remaining four microsatellite instability-negative cases (four endometrioid carcinomas), the tumor cells showed abrogation of both proteins tested in the tissue microarray (a false-positive test). The observed predictive value of absence of expression of either hMLH1 or hMSH2 for predicting a microsatellite instability-positive status was 82%. The predictive value of normal expression of both of these proteins for predicting a microsatellite instability-negative status was 90%. The association of the presence or lack of staining for either protein with the microsatellite instability status in endometrial lesions was statistically significant (P Ͻ .0001). In this case, there was a strong agreement between immunohistochemistry and microsatellite instability analysis ( value of 0.7; Table 3 ). When compared, staining on whole tissue sections and tissue microarray was concordant in 91 of 94 (96.8%) cases tested for hMLH1. Three microsatellite instability-positive cases did not show loss of FIGURE 1. A, tissue core showing absence of hMLH1 expression in a poorly differentiated endometrial carcinoma of the endometrioid type. B, hMLH1 expression is retained in stromal and lymphoid cells. C, in the majority of cases with microsatellite instability, the shortened, unstable alleles could be clearly distinguished from the germ-line allele size. Microsatellite instability was defined by the presence of extra bands that differed by multiple base pairs from their normal counterparts. A new peak (allele) appears in the tumor sample shorter than the germ-line allele size. In the case depicted in (A) and (B) , the tumor showed a 6-bp deletion in BAT-25 compared with the normal peak (not shown). D, the same case showed intense nuclear hMSH2 protein expression. E, endometrial carcinoma showing absence of hMSH2 expression. Compare with residual nontumoral endometrial gland. F, this case had a 5-bp deletion in BAT-26 (for explanation, see C).
hMLH1 in the tissue microarray core (see above) but showed loss of protein expression in parts of these tumors when studied on whole slides (clonal loss). These cases corresponded to one atypical complex hyperplasia and two endometrioid endometrial carcinomas (one G3, FIGO stage III tumor and one G1, FIGO stage II tumor).
DISCUSSION
Previous studies have shown that microsatellite instability is a common feature in endometrial carcinoma (33) . Microsatellite instability was present in 29.4% of the endometrial lesions included in our study. Our results showed a higher frequency of microsatellite instability in endometrial carcinoma of the endometrioid type (38.5%) than has been previously published for this type of tumor. The reasons for this higher percentage may reflect the variability in methods previously used for identification of microsatellite instability. Comparing prior studies reveals a lack of uniformity in defining what constitutes microsatellite instability with regard to the number of markers tested and the specific loci used for testing. We have used two markers (BAT-25 and BAT-26) that are highly reliable and sensitive markers for the detection of tumors with a microsatellite-unstable phenotype (30, 31) . In one study of 229 endometrial carcinomas evaluated with a panel of microsatellite markers that included BAT-25 and BAT-26, Basil et al. (34) found an overall incidence of microsatellite instability of 30%, which was higher (34.7%) in the group of endometrioid adenocarcinomas. Similar results were found by Parc et al. (35) in a group of 62 endometrial carcinomas. In a previous analysis of 42 sporadic endometrial carcinomas in Spanish women, Catasus and colleagues (9) found an overall incidence of microsatellite instability in 28% of cases, with a higher incidence of microsatellite instability in endometrioid carcinomas (33%) when compared with nonendometrioid carcinomas (11%), which is in agreement with our results.
In our series, microsatellite instability was correlated with the histological type of the lesion, and there was a trend to association between microsatellite instability and tumor grade. However, the aim of this study was to analyze the expression of hMLH1 and hMLH2 in endometrial lesions on tissue microarrays and to correlate the results obtained with microsatellite instability (BAT-25 and BAT-26) to validate immunohistochemistry on tissue microarrays as a screening method for microsatellite instability in a large series of lesions.
Tissue microarray technology has the potential to significantly accelerate the progress of studies seeking associations between molecular changes and clinical end points (19) . Another advantage of this approach is that protein expression can be evaluated in a large number of specimens under uniform test conditions. Another important benefit is that tissue is conserved. One concern about tissue microarray has been the small tissue sample size (0.6 -1 mm diameter). However, it is important to realize that the tissue microarray approach has been designed to examine tumor populations and not to survey individual tumors. In this sense, most published tissue microarray studies that have analyzed known markers have confirmed the data obtained previously from conventional studies (21, 26, 36, 37) . However, some technical steps are crucial for the construction of a tissue microarray carrying paraffin-embedded tissues so that it can be a source for multiple high-quality sections representing as many arrayed specimens as possible. Tissue loss during sectioning and staining is a common problem of the technique (21, 38, 39) . In addition, staining artifacts at the tissue borders are a wellknown phenomenon in immunohistochemistry. To minimize the effect that they may have on the staining results, it has been recommended to frame arrayed tumor tissues with one row of normal tissues (24) . This methodology has the advantages that the tumor tissues are centered on the array and protected by normal tissues and that peripheral staining artifacts involve normal tissues, not tumor specimens. Moreover, normal tissue may serve as an adequate internal positive control of the immunohistochemical technique.
A close association between microsatellite instability status and immunoreactivity has been reported in colorectal cancer, with retained expression for hMLH1 and hMSH2 in microsatellite-stable tumors and frequent loss of expression in microsatellite-unstable tumors, with a correlation between microsatellite instability status and immunohistochemistry ranging from 75 to 100% (12) . In a large multicenter study, Lindor et al. (12) studied microsatellite instability and immunohistochemistry in colorectal tumors from 1144 patients. Immunohistochemical detection of hMLH1 and hMSH2 showed 92.3% sensitivity and 100% specificity for microsatellite instability. That is, all immunohistochemically deficient tumors were microsatelliteunstable tumors, whereas 7.7% of microsatellite unstable tumors did not show a deficiency by immunohistochemistry.
In endometrial cancer, the results of correlation between microsatellite instability analysis and immnunohistochemistry are less conclusive. Staebler et al. (15) found an absence of hMLH1 expression in 7 of 13 (54%) microsatellite instability-positive endometrial carcinomas. Berends et al. (40) detected loss of hMLH1 or hMSH2 protein expression in about 50% of the microsatellite instability-positive endometrial tumors. Parc et al. (35) 
In two recent studies, Peiró et al. (16) and Stefansson et al. (41) found an absence of hMLH1 protein expression in 54.5% and 40% of microsatellite instability-positive endometrial carcinomas, respectively. Our immunohistochemical results on tissue microarrays, whereby we found an absence of nuclear hMLH1 protein expression in 64% of microsatellite instability-positive endometrial lesions, are in agreement with those previously reported from whole tissue sections.
The overall low incidence of loss of expression of hMSH2 alone in our study ( (41) demonstrated lack of nuclear hMSH2 protein expression alone in 19% of endometrial sporadic carcinomas. These data are in accordance with the notion that microsatellite instability is the result of hMLH1 promoter hypermethylation in most sporadic endometrial cancers (10) .
A subset of cases (6/24) in our series showed microsatellite instability while expressing both proteins studied (false-negative test). Tumor heterogeneity might explain some of the discrepancies observed between hMLH1 or hMSH2 protein expression and microsatellite instability. In hereditary cases, intratumor heterogeneity should not be a problem because of the fact that loss of mismatch repair gene function, and consequently often abrogation of mismatch repair protein expression, is such an early event that is present in all tumor cells (43) . However, in sporadic cases, defects of mismatch repair system genes leading to microsatellite instability may be restricted to subclones of tumor cells. This is exemplified by three microsatellite instability-positive cases in our series that did not show loss of hMLH1 or hMSH2 expression in the tissue microarray core but showed loss of protein expression only in parts of the tumors when studied on whole, conventional sections (clonal loss). In these cases, the tumor areas with negative immunostaining occupied approximately 50% of the tumor section and were clearly demarcated from areas with normal protein expression in tumor cells. Nontumoral cells within these areas showed intense nuclear staining and served as internal positive control. Therefore, the sensitivity of the immunohistochemical analysis of hMLH1 on conventional tissue sections for the detection of mismatch repair system is 87.5% (21 of 25 microsatellite instability-positive cases), which is somewhat higher when compared with the sensitivity of the tissue microarray approach (18 of 25 cases, 75%). These discordant cases illustrate one of the main concerns of the tissue microarray technique, namely if 1-mm core sections of tumor specimens on an array are representative of the whole tumor specimen because of tissue heterogeneity. In addition, if there are discrepancies between arrayderived and full section-derived data, this may also lead to different results for clinicopathological correlations based on those data. One recent study by Camp and colleagues (23) described the validation of the tissue microarray technology with regard to the representative value of the arrayed biopsies and the number of cores required per specimen. The results of this study show that 2-fold redundancy can lead to Ͼ95% concordance between the two methods. In our study, using duplicate cores for each case on the tissue microarray, the concordance of the immunohistochemical results for hMLH1 between both methods was 96.8%. This is in agreement with a recent study by Hendriks et al. (43) , which analyzed the sensitivity of immunohistochemistry for hMLH1, hMSH2, and hMSH6 in a subset of hereditary colorectal tumors from known mismatch repair system gene mutation carriers on whole sections and tissue microarray. A high level of concordance between both methods was found for hMLH1 (85%) and hMSH2 (95%); a somewhat lower concordance level was found for hMSH6 (75%), primarily because of positive staining within the tissue microarray and negative staining with the whole slide immunohistochemistry.
The remaining three false-negative cases might harbor alterations in other mismatch repair genes such as hPMS1, hPMS2, hMSH3, and hMSH6 that were not analyzed in this study. As far as we are aware, only hMSH3 and hPMS2 have been examined for mutations in endometrial carcinomas (44 -46) . One study found mutations of the hMSH3 gene in 21% of microsatellite instability-positive endometrial carcinomas but concluded that the mutations were probably a consequence rather than a cause of defective mismatch repair system and microsatellite instability (45) . On the other hand, no mutations within the coding region of the hPMS2 gene have been found in endometrioid endometrial carcinomas (46) . The role of hMSH6 in relation to different cancer types is less clear. Recently, Stefansson et al. (41) found a pathological staining for hMSH6 in 12.3% of sporadic endometrial carcinomas. Another study of endometrial tumors from hereditary nonpolyposis colorectal carcinomas by de Leeuw et al. (47) also reported that hMSH6 mutation carriers had a phenotype featuring lower microsatellite instability, compared with hMLH1 mutation carriers.
We observed four cases in which either hMLH1 or hMSH2 protein was not expressed but in which the lesion did not exhibit the microsatellite instability phenotype (false-positive test). It is possible that those lesions had not yet accumulated sufficient microsatellite alterations to be detectable with only the panel of two markers used in the present study. In fact, aberrant hMLH1 methylation in microsatellite instability-negative cases has also been described (10) .
Although most investigators do not emphasize technical difficulties in the interpretation of the immunohistochemical stains for hMLH1 and hMSH2, these surely exist and may have a significant impact on the final results of the study. In this sense, hMSH2 staining is technically reliable and shows nuclear staining that is easy to interpret. In contrast, the hMLH1 antibodies yield a more variable, sometimes patchy staining, often with strong background, that is more difficult to interpret (18) . This is illustrated by a multicenter study of 20 selected colorectal carcinomas that were tested by immunohistochemistry for hMLH1 and hMSH2 at 18 institutions (48) . The results of this study showed that staining and interpretation of hMSH2 was successful in most laboratories, whereas use of hMLH1 proved more problematic. However, a significant minority of laboratories demonstrated excellent results, including high discriminatory power for both antibodies. Staining for hMLH1 is difficult when tissue is suboptimally fixed. This is not an uncommon occurrence with archival hysterectomy specimens when the resected organ was submitted intact for pathological evaluation. However, the use of aggressive antigen retrieval methods, including combined microwaving with use of pressure cooker and strict adherence to the interpretation protocols, allows the impact of technical and interpretation errors to be minimized (49, 50) .
For the purposes of our study, staining of tumor nuclei for hMLH1 and hMSH2 in the tissue microarray was evaluated as absent (no protein) or present (any evidence). Another possibility is to evaluate the staining semiquantitatively according to the number of positive tumor cells and the staining intensity based on the predominant staining intensity in the lesion (15, 16) , but this is less reproducible according to most studies (11, 43, 49, 50) . In our opinion, hMLH1 and hMSH2 stains should not be interpreted identically in whole sections and arrays. In fact, staining heterogeneity for mismatch repair proteins within the tumor, which may reflect tumor heterogeneity, may be found in whole tissue sections but rarely in the tissue microarray cores, because of the small size of the sample. This fact, the so-called clonal loss should be considered when interpreting the results of the slides. In any case, we consider that preservation of unequivocal nuclear staining in nonneoplastic tissue (lymphocytes, endometrial glands, endometrial stromal cells, and endothelial cells) should be always used as an internal control requirement before evaluation of tumor is undertaken. Technically unsatisfactory slides with too-strong background, to weak staining, or lack of nuclear staining in positive controls should be rejected.
In summary, in our tissue microarray study, the sensitivity of immunohistochemistry for predicting a lesion with microsatellite instability phenotype was 75%, with a specificity of 93%. In other words, 18 of 24 endometrial lesions with microsatellite instability-positive phenotype did not express either hMLH1 or hMSH2. However, 10.2% (6 of 59) of lesions with normally expressed hMLH1 and/or hMSH2 had a microsatellite instability phenotype. Therefore, in this mixed population of endometrial lesions (endometrial atypical hyperplasias, endometrioid endometrial carcinomas, and nonendometrioid endometrial carcinomas), an abnormal immunohistochemistry result has an 82% predictive value for an microsatellite instability-positive phenotype, and a normal immunohistochemistry test result for these two proteins has a 90% predictive value for an microsatellite instability-negative phenotype. Therefore, the present study shows that it is possible to predict microsatellite instability using immunohistochemical analysis of hMLH1 and hMSH2 in endometrial carcinomas and atypical endometrial hyperplasias on tissue microarray as accurately as in whole tissue sections. Moreover, we found a high level of concordance between immunohistochemistry for hMLH1 and hMSH2 on tissue microarray and microsatellite instability status evaluated by BAT-25 and BAT-26. Thus, the tissue microarray technique appears to offer a relatively convenient, specific, rapid and thus cost-effective method for the immunohistochemical analysis of hMLH1 and hMSH2. Therefore, tissue microarray in immunohistochemical studies offers a time-saving and tissue-preserving technique for studies of multiple biological markers in large tumor series.
